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Exposure to low levels of chemicals indoors is often to a mixe of volatile orgnic compounds
(VOCs). It is of interest to determine if the symptomatic and sensory responses can be attributed
to a single chemical or to a mixture of chemicals. To determine if sensory or symptomatic
responses differ with exposure to single or mixed VOCs, 100 female subjects participated in a 6-
hr exposure study. Subjects were exposed to one of six equimolar concentrations equivalent to 24
mg/r3 toluene, control, m-xylene, nwbutyl acetate, m-xylene plus n-butyl acetate, a mixtue of
21 chemicals including n-butyl acetate and m-xylene, and to the same mixtre of chemicals with-
out n-butyl acetate and mxylene (19 chemicals). The results indicated that there was no differ-
ence in reporting of symptoms or sensory response between the exposures. When the control
group was added, some variables, primarily odor intensity and nasal irritation, attained signifi-
cance. Key work health symptoms, indoor air, irritation, odor, sick building syndrome, volatile
organic compounds. Environ Healh Perspea 106:739-744 (1998). [Online 22 October 1998]
htnp:/ehpnetl.niehs.nih.gov/kdosll9981106p739-744prabhlabstra html

Volatile organic compounds (VOCs), which
originate from diverse sources such as paints,
insulation, wood products, carpets, polishes,
cleaning products, insecticides, photocopy
equipment, and tobacco smoke, contribute
to indoor air pollution. The levels of VOCs
reported in homes can be quite variable.
Otson et al. (1) reported a VOC concentra-
tion range of <1-104 pg/m3 in Canadian
homes. In a study of U.S. homes, the maxi-
mum concentration of VOCs in the indoor
air was 16.6 mg/m3 during the night and
367.1 mg/m3 during the day (2). Other
studies (3,4) have linked variations in VOC
levels to hobbies and cigarette smoking,
respectively. Levels ofVOCs can be elevated
when common activities are performed in
the home. For example, data on VOC emis-
sion rates from wood-finishing products
(stains, polyurethane varnish) showed that
during and following the application of these
products in an unventilated home, con-
sumers could be exposed for 4-6 hr to con-
centrations of total organic compounds as
high as 1,000 mg/m3. With ventilation the
indoor VOC concentration was halved to
500 mg/m3 and remained at this level for
several hours. Depending on ventilation con-
ditions, the concentration of total organic
compounds 16-24 hr after the application of
a product was still about 50 mg/m3 (5).

Health symptoms by some building
occupants have been attributed to exposure
to indoor air pollution. A constellation of
symptoms, including mucous membrane
irritation, headache, mental fatigue, nausea,
dizziness, pulmonary effects, and nonspecif-
ic hyperreactivity reactions, has been called
sick building syndrome (SBS) (6). The SBS
symptoms seem to be independent of the

putative source, which may include chemi-
cals, pesticides, biological agents, air para-
meters, or a combination of these factors.
The percentage of persons reporting symp-
toms varies across buildings but, in general,
women report symptoms at a higher rate
than men (6-10).

Among the responses most often report-
ed are irritation of the eyes, nose, and throat
(11). Eye irritation is among the top five
categories of complaints associated with SBS
(12-14), with complaints from 12-48% of
the reporting population (13,14).

In controlled chamber studies, sensory
effects have been reported by several inves-
tigators. Molhave et al. (15) exposed per-
sons who reported SBS symptoms to a
mixture of chemicals found at ambient lev-
els in new Danish homes. These exposures
produced mainly sensory effects. Similar
findings were reported (16,17) when 66
normal male subjects were exposed to the
same VOC mixture at 25 mg/m3 for 2.75
hr. These subjects reported mild irritation
of the eyes and throat but not the nose. A
principal complaint, however, was degra-
dation of air quality, which probably
encompassed both olfactory as well as
trigeminal stimulation. Measures of central
nervous system function such as reaction
time, digit span, or coding were not affect-
ed (16). These data are consistent with
those reported by Molhave et al. (15).

The chemical environment of indoor air is
complex because it is typically a mixture of
VOCs often dominated by one or more chem-
icals. For example, Hawthorne et al. (18) pre-
sented data in which 4 of the 17 chemicals
found in the control homes made up 69% of
the mixture. Symptoms or sensory responses

could be driven by the total mixture or by one
or more of its components. The determination
of the efficacy of single compounds or mixtures
in the production of sensory and symptomatic
responses may direct remediation processes
more appropriately. To examine this issue, we
used a mixture that typifies the chemical envi-
ronment of new Danish homes (Appendix 1)
which has been used in several controlled
chamber studies (15-17). This mixture is dom-
inated by xylene and butyl acetate, which
together constitute 65% of the mix. There are a
number of ways to address this question, but
equimolar concentrations that equate the expo-
sures on a molar basis were determined to be
the most appropriate regimen. The objective
was to determine if single chemicals or mixtures
of chemicals at equimolar concentrations are
more effective at producing sensory responses.
This determination may guide remediation
strategies in targeting the appropriate sources of
VOCs.

Methods
Subjects. The subjects were normal, healthy
females with a mean age of 25.1 years. They
were nonsmokers with no history of allergy,
pulmonary disease, chemical sensitivity, or
other serious disease. Females were selected as
subjects because they tend to report symp-
toms at a higher rate than do men. Subjects
were tested for allergies with a skin test and
for pregnancy on the day of the exposure. All
subjects received a physical examination,
completed the Minnesota Multiphasic
Personality Inventory, and were paid for their
participation. Subjects were asked not to wear
contact lenses and to refrain from taking
analgesics, anti-inflammatory drugs, or vita-
min supplements for 48 hr before the expo-
sure. Informed consent was obtained for each
subject before participation, and the protocol
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was approved by the Committee for the
Protection of the Rights of Human Subjects
at the Medical School of the University of
North Carolina at Chapel Hill.

Experimental design. Because this was a
between-groups design, each subject was
exposed once. A between-groups design was
selected to avoid the complexity of schedul-
ing and subject loss. Up to six subjects were
tested simultaneously, and the order of expo-
sure for the subjects was randomly selected.
Based on previous studies with this mixture
(16,17), there was no expectation that sub-
jects would report symptoms such as cough,
cognitive impairment, or nausea. The null
hypothesis was that there is no difference in
response to odor and irritation questions due
to exposure condition. We used SYSTAT
version 6.0 for DOS (SPSS, Chacago, IL) for
repeated-measures-over-time analysis of vari-
ance. A Greenhouse-Geiser p-value of 0.05
was considered significant.

Exposure. Sixty-five percent of prototype
mix (Appendix 1) was equally divided
between xylene and butyl acetate, and the
remaining 19 chemicals in varying propor-
tions constituted the remaining 35% of the
mix. A parsimonious division of the original
mix into five exposure conditions and a con-
trol condition was all 21 chemicals, 19 chem-
icals (except m-xylene and n-butyl acetate),
equal parts n-butyl acetate and m-xylene, n-
butyl acetate alone, m-xylene alone, and a
clean-air control. The five exposure condi-
tions were equivalent to 24 mg/m3, which is
the level found in new Danish homes (15).

Safety. None of the chemicals were clas-
sified as known or possible human carcino-
gens by EPA's Integrated Risk Information
System. Chemicals were presented at con-
centrations well below the 8-hr threshold
limit values (TLVs) established by the
American Conference of Government
Industrial Hygienists (19). Neither n-butyl
acetate nor m-xylene, the dominant chemi-
cals, have unusually low odor thresholds or
unusually negative hedonics. The odor
thresholds for these chemicals are similar:
1.1 ppm (4.79 mg/m3) for m-xylene and
0.39 ppm (1.86 mg/m3) for butyl acetate
(20). Of the rest of the chemicals, none has
an exceptionally low threshold. The thresh-
olds ranged from 0.016 mg/m3 for a-
pinene to 234 mg/m3 for hexane (21).

VOC calibration control The original mix-
ture was 1.17354 moles and was equivalent to
24 mg/im3 toluene in the chamber atmosphere.
Because a flame ionization detector (FID) is
essentially a carbon counter, the molar target,
1.17354, was converted to the number ofmoles
of carbon for each exposure. Because more car-
bons produce a greater FID response, an FID
response equal to 29.95 mgmi for xylene (8
carbons) is equivalent to 24 mg/Im3 of the mix-

740

Table 1. Statistical analyses of the responses of each of the exposure regimens without the inclusion of
the clean-air control group

Question8
1. Odor strength (magnitude est)
2. Nasal irritation (magnitude est)
3. Odor intensity (analog)
4. Odor pleasantness (analog)
5. Eye irritation (analog)
6. Nasal irritation (analog)
7. Throat irritation (analog)
8. Headache (analog)
9. Air quality (analog)
10. Air quality (binary)
11. Headache (category)
12. Nasal irritation (category)
13. Cough (category)
14. Chest tightness (category)
15. Dry eyes (category)
16. Tired eyes (category)
17. Burning eyes (category)
18. Throat irritation (category)
19. Memory (category)
20. Dry throat (category)
21. Sore throat (category)
22. Depressed (category)
23. Unusual fatigue (category)
24. Stuffy nose (category)
25. Tension (category)
26. Back pain (category)
27. Skin rash (category)
28. Sneezing (category)
29. Dizziness (category)
30. Mental fatigue (category)
31. Pain in hands (category)
32. Dry skin (category)
33. Odor strength (category)
34. Air quality (category)
35. Odor pleasantness (category)

Exposure
F p

0.993 0.417*
1.240 0.301*
0.574 0.683*
1.130 0.348*
0.036 0.997
1.984 0.105*
0.725 0.577
0.245 0.912
0.548 0.701*
0.876 0.482*
0.488 0.744
2.032 0.098*
1.364 0.254
2.125 0.085
0.164 0.956
1.712 0.156
0.075 0.990
0.658 0.623

NV
0.394 0.812

NV
NV

1.298 0.278
0.700 0.595
0.383 0.820
1.653 0.169

0.696
1.410

0.682
1.593
0.331
1.142

NV
NV

0.597
0.238

NV
0.607
0.184*
0.857*
0.343

Time
F p

42.511 <0.000
18.110 <0.000
44.327 <0.000
20.364 <0.000
0.625 0.692
7.386 <0.000
0.356 0.846
1.036 0.397

18.402 <0.000
5.571 <0.000
4.385 0.001
4.447 0.001
0.616 0.658
0.940 0.445
0.489 0.001
4.103 0.004
2.193 0.056
0.674 0.584

NV
0.811 0.531

NV
NV

3.778 0.006
0.926 0.455
0.406 0.796
5.484 0.001

NV
NV

1.021
2.872

NV
0.899

33.963 <
16.903 <
9.764 <

0.404
0.030

0.448
40.000
<0.000
<0.000

Time by exposure
F p

0.944 0.507*
1.463 0.115*
1.052 0.397*
0.942 0.533
0.845 0.666
1.261 0.192
1.037 0.417
1.074 0.374
1.335 0.174*
1.293 0.170
0.904 0.579
1.285 0.181
0.918 0.551
0.773 0.725
1.172 0.278
0.707 0.774
0.844 0.656
1.293 0.215

NV
1.364 0.146

NV
NV

0.818
1.015
1.142
1.035

0.662
0.441
0.317
0.418

NV
NV

1.111 0.335
1.049 0.405

NV
1.210 0.272
1.252 0.207*
1.495 0.086*
1.142 0.303

NV, no variability in the data; est, estimation.
8Magnitude est, analog, binary, and category indicate the question format.
*Statistically significant when the clean-air control group is added to the analyses (p = 0.05).

ture of 21 chemicals, as is a butyl acetate (6 car-
bons) response of 17.77 mg/m3, even though
they are equimolar. The other exposure condi-
tions were similarily determined and controlled.
The chamber concentration for each exposure
was 24.0 for the mixture of21 chemicals, 23.73
for the mixture of 19 chemicals, 24.14 for the
mixture of butyl acetate and xylene, 17.77 for
butyl acetate alone, and 29.95 for xylene alone.
The exposure chemicals were flash evaporated at
250°C in a nitrogen atmosphere, mixed with
air, and passed into the plenum of the 3,000-ft3
stainless-steel exposure chamber. The chamber
atmosphere was maintained at 240C and 40%
relative humidity. Chamber variables were all
computer controlled, and the exposure concen-
tration was monitored by an FID and con-
trolled to ±3% of target.

Procedure. To maintain double-blind
conditions subjects were told that they
could be exposed to any one of the six
exposure conditions and that the research
staff interacting with the subjects had no
knowledge of the exposure schedule.

Assignment to exposure group was ran-
dom. The subjects were told that these
chemicals were typically found in the
indoor environment, that they were below
the recommended safety levels, and that
none were known or suspected carcino-
gens. The participants were asked not to
discuss the experiment or their responses
with the other subjects. Subjects were asked
to respond in three formats about their
sensory experience or symptoms. These
formats were magnitude estimation, cate-
gorical, and visual analog (Appendix 2).

To complete the magnitude estimation
(22) consisting of questions about odor and
irritation strength, subjects were asked to sniff
a bottle of pure toluene and 5% acetic acid to
provide sensory anchors and standards for
magnitude estimation of odor strength and
nasal irritation, respectively. Subjects were
asked to regard the odor and irritant as an
intensity of 100 and rate the chamber atmos-
phere odor and irritation in multiples of 100.
For example, if the odor strength in the cham-
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ber was half as strong as the anchoring odor-
ant, they should provide the number 50; 1.5
times as strong would result in a response of
150. Sensory and symptom data were comput-
er collected at following intervals: preexposure
baseline, 0, 20, 40, 60, 120, 180, 240, 300,
and 360 min after the subject entered the
chamber. Approximately 1 min lapsed between
sampling the sensory anchors for the magni-
tude estimation questions and responding to
the baseline questionnaire (0 time point). The
categorical questionnaire (Appendix 2) has
been used in a large-scale SBS study (14). The
subjects were also asked to rate the air quality
and sensory effects of the chamber atmosphere
by positioning a pointer on a visual analog
scale presented on a computer screen. The
scale ranges were, for example, "no irritation`
and "unacceptably strong irritation" (Appendix
2). Following the acquisition of dean air base-
line questionnaire data, the subjects left the
chamber while the exposure atmosphere was
initiated and stabilized. After the conditions
stabilized the subjects again sniffed the toluene
and acetic acid to reacquaint themselves and
reentered the chamber to begin the 6-hr expo-
sure by completing the next questionnaire.
Subjects entered the chamber in approximately
20-min intervals because the time required for
the exploratory eye testing (about 20 min)
would delay the start of the exposure if all sub-
jects entered the chamber simultaneously.
Subjects were permitted to read, converse, or
watch television. Two to six subjects participat-
ed in each session.

Pilot methods development. Measures of
tear film break-up time, conjunctival epithe-
lial damage, and eye redness (ocular hyper-
emia) were obtained before the start of the
experiment and again upon completion of
the exposure period. These data will be
reported in a separate paper.

Results

One hundred subjects participated in the
experiment; 15 in the mixture of 21 group, 16
in the mixture of 19 group, 20 in the n-butyl
acetate plus m-xylene group, 16 in the n-butyl
acetate group, 17 in the m-xylene group, and
16 in the dean-air control group. Table 1 dis-
plays the results of the analysis of the question-
naire responses of the exposure groups. No sig-
nificant effects of exposure were evident on any

item, indicating that there was no difference
between ratings of the five exposures.

Significant time effects (Fig. 1), which reflected
sensory adaptation, were observed for the
olfactory (questions 1, 3, 4, 33, 34, and 35)
items regardless of the question format (magni-
tude estimation, analog, or categorical). A lin-
ear trend accounted for most of the sum of
squares. The absence of a significant time-by-
exposure interaction indicated that there was

no difference between the chemical exposures

in adaptation rate.

Responses to ques-

tions about nasal irri- 70
tation (questions 2, 6,

and 12) followed a 60

similar pattern to

olfactory endpoints in

that there was a signif-* * ~~~~~~~~40E_
icant time effect, but _
no time-by-exposure
effect (Fig. 2) or expo-

sure effect. Responses

to the air quality ques-

tions (questions 9 and 10

10) similarly reflected
adaptation. In this 0

case, as the experiment
progressed, the per-

ceived air quality Figure 2. Adaptation toi
improved as olfactory reported irritation initial

300

250

200

_4- t50

100

50

-2 -1 0 1 2 3
lime (hr)

Figure 1. Olfactory adaptation to the various exposure conditions. Differences
between the control and exposure conditions were significant, but the differ-
ences between the exposure conditions were not significant in magnitude or
rate of adaptation. Baseline data were obtained at the -1 time point.

strength declined (Fig. 3). Ratings of ocular
and throat irritation (questions 5, 7, 18, and
21) were not different between exposure con-
ditions and showed no significant changes with
time. Even when the control condition was
added to the analyses, no statistical differences
emerge for ocular or throat irritation. Fatigue
(questions 23, 26, and 30) increased signifi-
candy during the experiment. No health-relat-
ed effects such as cough, chest tightness, dry
throat, sore throat, stuffy nose, skin rash,
sneezing, pain, or dry skin (questions 13, 14,
20, 21, 24, 27, 28, 31, and 32, respectively)
were reported. No evidence of cognitive
impairment, memory loss, depression, tension,
or dizziness was recorded (questions 19, 22,
25, and 29, respectively). When data from the
control group were added to the analysis, some
of the response variables did attain statistical
significance, as shown in Table 1.

Although the primary goal of this experi-
ment was to determine if there were differences

1 2 3 4 5 6 7

Time (hr)
irritation from chemical exposures. As can be seen,
ly rises then declines as the exposure progresses.
inarl at thD -1 tima nnintDdbUOilliI UdLd WCltI UULIMIIU dl LIIe - LiiI pUIIll.

400 if

350

250100

-w~~~~~~ ~ ~~~~ ~~~~~~~ Mi of 21 f
100 A__ _E vMix of 19
N N__l v s~~~~~~~~~~~~~utyl+xyleneE

E- __ -M R ___ E _ E Butyl acetate
50 ___ _ X\fee il

- '___a ChambeirE

-2 -1 o 1 2 3 4 5 6 7
Time (hr)

Figure 3. In comparison with olfactory adaptation (Fig. 1), it can be observed
that as odor intensity declines, air quality improves. Baseline data were
obtained atthe -1 time point.
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in responding between the equimolar expo-
sures, the addition of the clean-air control
group permitted further comparisons. When
the control group was added to the repeat-
ed-measures analyses (Table 1), significant
differences were obtained on some response
measures, notably odor intensity, nasal irri-
tation, air quality, and odor pleasantness.
These results are presented in greater detail
in Table 2. As shown in Table 2, "expo-
sure," "time," and "time by exposure" dif-
fered significantly under these analytical
conditions. Significant differences indicated
that the VOC-exposed group rated their
experience as 1) more irritating to the nose,
2) having a greater odor strength, 3) having
reduced air quality, and 4) as less pleasant
than to the control group. Responses to the
items in Table 2 differed in "time," imply-
ing that there was a significant difference in
responding over the 6-hr exposure. This
change over time was rate of adaptation.
Significant "time by exposure" implied that
when the control condition was added to
the analysis, the interaction of "time" and
"exposure" was significantly different. In
this case the rate of adaptation to the expo-
sure conditions differed from that of the
control condition. It should be noted that
not all of the exposure groups were different
from control, even though the overall analy-
ses were significant. Further comparison of
the exposure groups with the control groups
were done by iterative comparisons, begin-
ning with the mean most similar to the con-
trol group and ending when a significant
difference was found. The assumption was
that other comparisons after a significant
difference would also be significant. In six of
the comparisons, none of the experimental
groups were different from control.

In 4 of the 10 questions xylene was not
significantly different from the control expo-
sure. Regardless of question format, xylene
was not significantly different from control in
nasal irritation, and the mixture of butyl
acetate and xylene was not different from
control in nasal irritation under the analog or
categorical format. The condition for the
mixture of 19 chemicals was not different
from control in nasal irritation under the cate-
gorical format. The absence of butyl acetate
and the mixture of 21 chemicals in these
comparisons implied that butyl acetate may
be contributing more to the sensory impact of
the mixture than xylene, even though they
were at equimolar concentrations. In combi-
nation with xylene, the effects of butyl acetate
may have been moderated. Research has indi-
cated that mixtures of odorants are hypoaddi-
tive, meaning that the intensity of a mixture is
less than the sum of the intensity of the indi-
vidual components (23). This finding may
apply to nasal irritation as well. That butyl

Table 2. Statistical analyses of the questions that were significantly different when the control group was
added to the analyses (p = of 0.05)

Exposure Time Time by exposure

Questiona F p F p F p
1 Odor strength (magnitude est) 4.460 0.001 40.986 <0.000 2.239 0.004

Control vs. butyl acetate + xylene 46.421 <0.000 13.204 <0.000 9.543 <0.000
2. Nasal irritation (magnitude est) 2.879 0.018 17.127 <0.000 2.095 0.004

Control vs. xylene 3.725 0.063 0.478 0.660 0.903 0.427
Control vs. butyl acetate + xylene 15.143 <0.000 3.415 0.017 0.140 0.007

3. Odor intensity (analog) 11.039 <0.000 43.69 <0.000 1.965 0.003
Control vs. xylene 31.355 <0.000 9.983 <0.000 4.390 0.003

4. Odor pleasantness (analog) 5.036 <0.000 19.963 <0.000 1.438 0.041
Control vs. Butyl acetate + xylene 9.886 0.003 3.724 0.010 2.597 0.048

6. Nasal irritation (analog) 2.694 0.025 6.663 0.000 1.353 0.106
Control vs. xylene 0.390 0.534 2.377 0.045 1.448 0.213
Control vs. butyl acetate plus xylene 1.618 0.212 0.826 0.476 0.637 0.583
Control vs. butyl acetate 4.684 0.039 2.755 0.035 2.981 0.025

9. Air quality (analog) 4.900 <0.000 17.919 <0.000 1.684 0.031
Control vs. xylene 8.313 0.007 3.751 0.008 1.807 0.138

10. Air quality (binary) 2.542 0.033 5.488 <0.000 1.445 0.069
Control vs. xylene 3.485 0.071 0.455 0.886 0.455 0.886
Control vs. butyl acetate 8.050 0.008 1.815 0.134 1.815 0.134

12. Nasal ilrritation (category) 2.925 0.017 3.757 0.002 1.344 0.125
Control vs. xylene 1.181 0.285 0.781 0.533 0.520 0.711
Control vs. butyl acetate + xylene 1.692 0.202 0.295 0.790 0.898 0.429
Control vs. mix of 19 3.390 0.057 1.865 0.135 2.680 0.046
Control vs. mix of 21 12.488 <0.001 1.340 0.261 1.241 0.276

33. Odor strength (category) 10.837 <0.000 33.135 <0.000 1.636 0.025
Control vs. xylene 19.149 <0.000 5.200 <0.000 1.976 0.076

34. Air quality (category) 2.888 0.018 18.675 <0.000 1.613 0.036
Control vs. xylene 4.432 0.043 6.669 <0.000 2.282 0.077

est, estimation.
aMagnitude estimation, analog, binary, and category indicate the questio

acetate is more irritating than xylene is consis-
tent with its lower irritant potency, as mea-
sured by respiratory depression in mice (3,475
mg/m3 vs. 6,091 mg/m3, respectively (24).

Interestingly, for xylene, odor strength
and pleasantness were significantly differ-
ent in rating from control, whereas nasal
irritation was not. These data illustrate that
subjects can discriminate nasal irritation
from other effects of the chemicals such as
odor intensity and hedonics. Had nasal
irritation not been different from control,
it might be argued that subjects were rating
irritation on the basis of odor strength or
hedonics. The discrimination may not be
made easily by subjects, especially when the
hedonics of a chemical may be negative
and the odor intensity high. Xylene may be
a useful chemical for studies in which these
discriminations are of interest.

Discussion
It is clear that when a single VOC or mix-
ture of VOCs was presented to subjects on
an equimolar basis, there were no significant
differences in symptoms or sensory effects
between exposure groups. No mixture or
single chemical was more potent as an odor-
ant or irritant, nor did adaptation rate differ
with chemical or mixture. These results
imply that when subjects were exposed to
single chemicals or mixtures that do not

have particularly negative odor hedonics or
were not strong irritants, little differential
responding was recorded. Health-related
symptoms were not significantly different
between exposure conditions.

When compared to the clean-air control
group, significant overall differences were
observed in some response categories such as
odor intensity, nasal irritation, and air quality,
but not health effects. The absence of signifi-
cant differences between the control, xylene,
mixture of 19, and butyl acetate plus xylene
indicated that xylene was a less potent nasal
irritant than were butyl acetate or the mixture
of 21. This was consistent with data showing
that butyl acetate produced respiratory effects
at a lower concentration that did xylene (24).
Other studies (15,1/) using the same mixture
of 21 chemicals found a similar result. The
goal, however, in this experiment was to com-
pare the effect of different VOC mixtures on
sensory and symptomatic responding.

No differences in odor adaptation or
pleasantness were observed between expo-
sure groups in this experiment. The form of
the olfactory adaptation curve was typical of
that presented in the literature. The highest
olfactory intensity ratings occurred when
the subject entered the chamber, and they
gradually declined to about 40% of the ini-
tial value at the end of the 6-hr exposure.
This adaptation curve was like that of the
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neutral bias condition presented by Dalton
(25), in which subjects were biased by posi-
tive, neutral, or negative information about
the experimental exposure. Interestingly,
subjects in Dalton's negatively biased con-
dition showed initial adaptation, followed
by an increase in reported odor intensity,
while those in the positive bias condition
showed greater adaptation than the negative
or neutral bias conditions. Though symp-
toms were not the primary focus of
Dalton's study, 1 1 of the 13 subjects spon-
taneously reporting symptoms were in the
negative bias condition. Thus, instruction
and expectation can have a powerful effect
on the outcome of an experiment. Likewise,
expectation may have influence on the self-
reports from sick building inhabitants who
think that their workplace represents a toxic
exposure and attribute physical or psycho-
logical discomfort to their perceptions of
the safety of their work environment inde-
pendent of any toxic effect of the chemical
exposure. Environmental odors may serve a
semiotic role to which people relate their
experiences and when experienced again
guide their behavioral responses. Thus,
odors may summarize the complex qualities
of a work situation (26).

In contrast to other reports exposing sub-
jects to the same mixture for a briefer time
period, 2.75 hr (15,1X, adaptation to irrita-
tion was observed in the trigeminally inner-
vated nasal but not ocular or pharyngeal
mucosas. In the Hudnell et al. (17) study,

Appendix 1
Composition ofthe Mixtre at
6.7 ppm (24 mg/r3)

Chemical
1. nButyI acetate
2. n7-Xylene
3. n-Butanol
4. nDecane
5. 1-Decene
8. Ethylbenzene
7. Ethoxyotylacetate
&. n-Hexanal
9. n-Hexane
10. n-Nonane
11. a-Pinene
12. 2-Butanone
13. Cyclohexane
14. 3-Methyl-2-butanone
15, 4-Methyl-2-pentanone
16. n-Pentanal
17. Isopropanol
18. n-Propylbenzene
19. 1,24-Trimethybenzene
20. nUndecane
21. 1Octene

*PEL
(ppr.rnglm3)

1001435

No TLV
No 1W

1001435

No TLV

200

No T.LV

30011050
200

400
No TLV
25/120
No TLV
No TLV

21 VOCs
(Mg/rM3)

7.750
7.750
0.775
0.775
0.775
0.775

0.775
0.775

0.775
0.775

0.775
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0,078
0.078
0.008

responses to ocular, nasal, and pharyngeal
irritation were combined to constitute the
dependent variable. Adaptation reported in
the present study was preceded by an initial
increase in irritation and was consistent with
data presented by Cain et al. (27), who
exposed subjects to formaldehyde in a cham-
ber and with data of Elsberg et al. (28), who
showed adaptation to nasal irritation of oil of
cade (juniper) and turpentine. Adaptation to
trigeminally mediated irritation does not

begin immediately after the onset of exposure
as in olfaction, but follows a period of
increased irritation. Adaptation was not com-
plete but remained at an asymptotic level for
the final 3 hr of exposure. Like olfaction, at
the 6-hr point the rated nasal irritation aver-

aged about 40% of the initial values. In the
present study, the greater duration of expo-

sure provided adequate time for as much
adaptation in irritation as in olfaction to be
observed. It is likely that trigeminal adapta-
tion can be influenced by the perceived toxic-
ity ofthe exposure in a similar manner to that
reported by Dalton (25) in olfaction. Indeed,
in another study Dalton et al. (29) reported
that in a positive bias condition, subjects
exposed to 1,967 mg/m3 acetone reported
significantly less irritation and fewer health
symptoms than those in the neutral or nega-
tive bias condition.

In the present study, failure to observe
differential sensory and symptomatic
responses between exposures and the pres-

ence of adaptation may be attributable to
the absence of stress in the testing environ-
ment. Subjects were given assurances in the
consent form that the chemicals in the mix-
ture were commonly found in the indoor
environment at typical levels below estab-
lished occupational standards. Such infor-
mation would be similar to the information
in the neutral bias condition discussed above

Appendix 2

..T..h.M. -. ....
The e-art sto

Part 1:M nitude Estmation Questions

1X RntiNtotteraintOecmber compared to the

Test odor is 100;
If currn odorf ishaif as strng use 50;

If current odor is twice as stong use 200;
Use any number to accurt reette

odor level
ter r.; i.

2. Rate nesal in the chamber cbmparedtothe
: test irritant.

Test irritant is 100;
If current ition is half as strong use 50;

If current irritaion is wice as stong use 200;

Use any number to accurately reflect he
:nasal irritation you fee.
Enter number.

(25,29). Displaying sensitization or failing
to adapt may be a consequence of the cogni-
tive processing of chemical exposure infor-
mation in a laboratory or a sick building sit-
uation. Working in a sick building may
engender stress, which has been reported to

prevent olfactory adaptation in women (30).
Morris and Hawkins (31) reported that in
sick buildings there was a higher complaint
rate of stress or tension among those who
report sick building syndrome symptoms.
Failure to show trigeminal or olfactory adap-
tation may be part of the adaptive sympa-
thetic response to a stressful situation.

The absence of differences in rated
odor pleasantness implies that there was no

difference in hedonics between the expo-
sures. These findings will be of importance
to those seeking the source remediation of
the "sickness" of a building. Because quan-
titative analyses are much less expensive
than qualitative analyses, it may be more

important to determine the total hydrocar-
bon load rather than the actual VOC com-

ponents in the building environment.
Reduction of the total VOC load by target-
ing known sources such as photocopiers
may ease the expense of remediation. A
chemical with a very low threshold or

unpleasant hedonics such as a mercaptan
may be an exception to this point. Clearly,
to understand sick building syndrome,
future chamber experiments should include
biasing instructions and/or experimental
manipulations such as a stressful task or an

uncomfortable physical environment that
would engender stress. Understanding the
personal variables that result in the absence
of sensory adaptation to a low-level or

innocuous chemical exposure may be a use-

ful strategy in the understanding of sick
building syndrome and identifying those
who may be vulnerable to this syndrome.

Partt: Categorical Questons

Instructons: pleas indicate if you are experi-
encing any of the symptms listed below, using
the followi.ng scale to indicate the severity of the
.~symptomt.

= None (mptom is not present)
; (symptom** br eld^eteoible

2 = Mild (symptom is present, but not annoying)
es t" ut

4=.:Severe(symptomis present and very
annoying or painful)

3. Hedac he

4. lrrtion of the nose
5. Cough
6. Wheezing, chesttightness, or shortness of brea
7. Dry, itching, or irritted eyes
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Abbreviations: PEL, permissible exposure limit VOC,
volatile rganic compound;TLV, threshold limitvalue.
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8.8 Tirs4 oretraredegys
9. Burning yes

10. Irritati. ofthethroat'
.11. rr..emeibe .tings ocnratin.

e.':i D ;
h- .

..
.: '

:13. Sore .th.
14.F.el......S--..ing..- :.} ed.'.,..''.:...?

..15, U,nusQa rein..sa,.tgu,irdowiness
lB.. Stuffyo.r runy n4.se,;0r sinus.congestion
17. Tension,iibility or nervousness
18. Pain lir. sin back,shouIders- or neck

19 kini~s

21. Dizzzin i'hgtheadness.
22. Menta t or iness
::23. Pain or nbe in he:handsor. wrists
24. Diy skin
-2.5. Rate .t.h ievel in room
28. Ra..tte..... ei.t yin r n .v.e ....... ver~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .......... ...... i
*21^. Rfate the rp I antneas. y bad to

very good)

Parit3: Visual-Analog Questions
28. What.isthe intensity of.thie odor in the room now?
..No...odor.Extremely.strong

2 Howpleasa.nt is the odo.r.in. the room now?
Extremely ..::.. Extremely

................... ............

ac.ce.ptable unacceptable
30. Do you feel any e.ye irritation now.?

NoXta all irritated.bExt:remely irritated
31. Do you foea any nasal.irit.ationn now?

Not.at all irritated:. Extemely.irritated
32. .Do youf.eel. an.y thiroat. ir.ritaton .now?...;.....
a. fal i . Ete lirta

*33. Dao.you have any head.ache: now?
.:No..headache; .......... Extremely.strong

34. Howis theair qualiyinte room now?
Very good.V .. ery poor.

35. Is the air quality.acceptable now?
Yes. ......... No.

REFERENCES AND NOTES

1. Otson R, Fellin P, Tran Q. VOCs in representative
Canadian residences. Atmos Environ 28:3563-3569
(1994).

2. Wallace L The Total Exposure Assessment Methodology
(TEAM) study. Vol I. EPA/600I6-81002a. Washington
DC:Environmental Protecton Agency, 1987.

3. Rothweiler H, Wager P, Schlatter C. Volatile organic
compounds and some very volatile organic com-
pounds in new and recently renovated buildings in
Switzerland. Atmos Environ 26A:2219-2225 (1992).

4. Heavner D, Morgan W, Ogden M. Determination of
volatile organic compounds and ETS apportionment
in 49 homes. Environ Int 21:3-21 (1995).

5. Tichenor BA. The effect of ventilaton on emission rates
of wood finishing materials. Environ Int 17:317-323
(1991).

6. WHO. EURO Reports and Studies #103. Indoor Air Quality
Research. Copenhagen:World Health Organizaton, 1986.

7. Burge S, Hedge A, Wilson S, Bass J, Robertson A. Sick
building syndrome: a study of 4373 office workers. Ann
Occup Hyg 31:493-504 (1987).

8. Kreiss K. The epidemiology of building-related com-
plaints and illness. Occup Med State Art Rev 4:575-592
(1989).

9. Hedge A. Indoor air quality and health in two office
buildings with different ventilation systems. Environ
lnt 15:115-121 (1989).

10. Abbritti G, Muzi G, Accattoli MP, Fiordi T, Dell'Omo
M, Colangeli C, Gabrielli AR, Fabbri T, D'Allesandro

A. High prevalence of sick building syndrome in a
new air conditioned building in Italy. Arch Environ
Health 47:16-22 (1992).

11. Turiel I, Hollowell C, Miksch R, Rudy JV, Young RA,
Coye MJ. The effects of reduced ventilation on indoor
air quality in an office building. Atmos Environ
17:51-4 (1983).

12. Zweers T, Preller L, Brunekreef B, Boleij JSM.
Relationships between health and indoor climate com-
plaints and building, workplace, job and personal char-
acteristics. In: Indoor Air '90; Proceedings of the Fifth
International Conference on Indoor Air Quality and
Climate, 29 July-3 August 1990, Toronto, Canada.
Ottawa, Ontario:International Conference on Indoor
Air Quality and Climate, 1990;495-500.

13. Menzies RI, Tamblyn RM, Tamblyn RT, Farant JP,
Hanley J, Spitzer WO. Sick building syndrome: the
effect of changes in ventilation rates on symptom
prevalence; the evaluation of a double blind experimen-
tal approach. In: Indoor Air '90; Proceedings of the Fifth
International Conference on Indoor Air Quality and
Climate, 29 July-3 August 1990, Toronto, Canada.
Ottawa, Ontario:international Conference on Indoor
Air Quality and Climate, 1990;519-524.

14. Hall HI, Leaderer BP, Cain WS, Selfridge OJ, Fidler AT
Wilcox T. Subjective and physical correlates of irritation
from the Ubrary of Congress/EPA Indoor Air and Work
Environment Study. In: Indoor Air '87; Proceedings of the
4th International Conference on Indoor Air Quality and
Climate, 17-21 August 1987. Vol 2. Berlin:lnstitute for
Water, Soil and Air Hygiene, 1987;641-646.

15. Molhave L Bach B, Pedersen OF. Human reactions to
low concentrations of volatile organic compounds.
Environ 1nt22:167-175 (1986).

16. Otto DA, Hudnell HK, House DE, Molhave L, Counts W.
Exposure of humans to a volatile organic mixture 1.
Behavioral assessment Arch Environ Health 47:23-30
(1992).

17. Hudnell HK, Otto DA, House DE, Molhave L. Exposure
of humans to a volatile organic mixture 11. Sensory.
Arch Environ Health 47:31-38 (1992).

18. Hawthorne AR, Gammage R, Dudney C. An indoor air
quality study of 40 east Tennessee homes. Environ
Int 12:221-239 (1986).

19. ACGIH. American Conference of Government
Industrial Hygienists Guide to Occupational
Exposures. Cincinnati, OH:American Conference of
Government Hygienists, 1991.

20. Amoore JE, Hautala E. Odor as an aid to chemical
safety: odor thresholds compared with threshold limit
values and volatilities for 214 industrial chemicals in
air and water dilution. J AppI Toxicol 3:272-290 (1983).

21. Devos M, Patte F, Rouault J, Laffort P, van Gemert L.
Standardized Human Olfactory Thresholds. New
York:IRL Press, 1990.

22. Stevens JC, Marks LE. Cross-modality matching
functions generated by magnitude estimation.
Percept Psychophys 27:379-389 (1980).

23. Jones FN, Woskow MH. On the intensity of odor mix-
tures. Ann NY Acad Sci 116:483-494 (1964).

24. Schaper M. Development of a database for sensory
irritants and its use in establishing occupational expo-
sure limits. Am Ind Hyg Assoc J 54:488-544 (1993).

25. Dalton P. Odor perception and beliefs about risk. Chem
Senses 21:447-458 (1996).

26. Schleidt M. The semiotic relevance of human olfac-
tion: a biological approach. In: Fragrance: The
Psychology and Biology of Perfume (van Toiler S,
Dodd GH, eds). London:Elsevier, 1992;37-50.

27. Cain W, See L, Tosun T. Irritation and odor from
formaldehyde chamber studies. In: Indoor Air Quality
'86: Managing Indoor Air for Health and Energy
Conservation. Atlanta, GA:American Society of
Heating, Refrigerating and Air Conditioning
Engineers, 1986;126-137.

28. Elsberg C, Levy I, Brewer E. The trigeminal effects of
odorous substances. Bull Neurol Inst NY 4:270-293
(1935).

29. Dalton P, Wysocki CJ, Brody MJ, Lawley HJ.
Perceived odor, irritation and health symptoms follow-
ing short-term exposure to acetone. Am J Ind Med
31:558-569(1997).

30. Schneider RA, Costiloe JP. Limitation of olfactory adap-
tation in subjects under stress. Fed Proc 28:829 (1969).

31. Morris L Hawkins L The role of stress in the sick build-
ing syndrome. In: Proceedings of the Fourth
International Conference on Indoor Air Quality and
Climate, 17-21 August 1987. Berlin:lnstitute for Water,
Soil and Air Hygiene, 1987;566-571.

Adrs Change?. s ;;f

To be sure -to continue receiving your subscription,

call1UO'141 ore-mai s.nh.v!
Include your old ddrs as it appears on the mailing label, as well as your new address.

744 Volume 106, Number 1 1, November 1998 * Environmental Health Perspectives


